Interest in the mechanism of hordenine biosynthesis in plant tissue dates from 1937 when Raoul (17) proposed a series of reactions for the synthesis of the alkaloid. This scheme was based on the structural similarity of hordenine and the amino acid, tyrosine.
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In IV He postulated that tyrosine (I) is decarboxylated to tyramine (II) which through a stepwise methylation forms N-methyltyramine (III) and subsequently hordenine (IV). Attempts to verify this postulated reaction sequence have been partially successful.
Leete, Kirkwood and Marion (10) administered tyramine-2-C14 to sprouting barley and isolated radioactive hordenine and N-methyltyramine from the roots. The specific activity of the N-methyltyramine was about 10 times that of hordenine, and it was concluded that tyramine undergoes methylation in the barley root to form N-methyltyramine and then hordenine. Leete and Marion (11) then fed DL-tyrosine-2-C14 to sprouting barley and were able to isolate radioactive hordenine and N-methyltyramine from the roots of the plants. Degradation of these alkaloids showed that all of the activity was located in the 2-carbon of the side chain, indicating that tyrosine is a precursor of N-methyltyramine and hordenine. In a similar experiment Massicot and MIarion (12) isolated radioactive hordenine from barley roots after feeding phenylalanine-2-C14 and considered this evidence for the conversion of phenylalanine to tyrosine in that plant. L-Methionine labeled with C14 in the methyl group was fed to sprouting barley by Matchett, Marion and Kirkwood (13) . Radioactive hordenine was isolated and degraded. This showed that all of the radioactivity in the molecule was in the N-methyl groups. It was concluded that methionine serves as an efficient methyl donor for hordenine biosynthesis in barley seedlings.
In a recent work James and Butt (8) embryos under sterile conditions, and N-methyltyramine and hordenine were detected in the seedlings. Under the same conditions tyrosine and methionine failed to yield either N-methyltyramine or hordenine. These authors were also unable to detect tyrosine decarboxylase in barley roots.
It is evident that the different experimental methods of James and Butt, and Marion et al have yielded different results with respect to the role of tyrosine as a precursor of hordenine. A further evaluation of the role of this amino acid in hordenine biosynthesis might reconcile the differences.
Demaree and Tyler (5) investigated some aspects of hordenine metabolism in Panicum miliaceum L.
(proso). Using a sensitive, quantitative, paper chromatographic technique they were unable to detect measurable quantities of the alkaloid in the roots of proso seedlings. Accumulation of hordenine in the proso shoot was found to be associated with a simultaneous disappearance of tyramine. This reciprocal association suggested a biosynthetic relation between the two compounds in proso, and the present study was undertaken to verify this relationship.
Hordenine appears in the roots of barley seedlings soon after germination. The alkaloid reaches a maximum concentration after approximately 12 days and then slowly disappears (18) . It would be interesting to know whether the hordenine in proso disappears with increasing age as it does in barley. Experiments with intact proso seedlings were undertaken to determine if this occurred. Determination of the site of synthesis was also undertaken using separate homogenates of root and shoot tissue. Tyramine and methionine or methionine sulfoxide were incubated with homogenates of proso root and shoot tissue for periods of time ranging up to 72 hours. Tetracycline was added to the homogenates to prevent contamination with microorganisms. The addition of antibiotics to plant tissue cultures in which methylation reactions were being studied has been employed by Byerrum and Wing (4) . Both methionine and methionine sulfoxide were tested as methyl donors since it had not been determined whether the enzymatic methylation system of proso wvas oxygen dependent (3) placed in test tubes together with 10-ml portions of alcohol. All the tubes were stoppered and placed on a reciprocal shaking machine for two hours. The tubes were centrifuged, the extracts decanted into evaporating dishes, and the residues washed with two successive 2-ml portions of alcohol. The washings were combined with the original extracts. After the extracts were evaporated to dryness, the soluble portion of each residue was taken up in 1.0 ml of alcohol.
The shoot extracts of 10-day-old seedlings and the root extracts of 10 Pauly's reaction with sodium nitrite as described bv Block et al (2) . I)eliaree and Tyler reported that this reaction can detect as little as 2 ,ug of hordenine or tyramine. This reaction is not specific for these two compounds but reacts with many compounds containing a phenolic hydroxy group and with imidazoles. Used in combination with the chromatographic method it constitutes a reliable micro-procedure for the identification of hordenine and its precursors in proso (5) . The quantities of the tissues examined in this experiment were sufficient to allow the detection of a minimum of 0.008 % of hordenine in the roots and 0.0007 % of that alkaloid in the shoots.
BIOSYNTHETIC ROLE OF PROSO ROOT: Proso seeds were germinated in moist air as described by Meyer and Anderson (14) . The roots were excised from three-to five-day-old etiolated seedlings. Four-dayold seedlings were most commonly employed. The surface moisture was removed from the fresh roots by blotting with filter paper. They were then weighed and homogenized in a glass tissue grinder supported in an ice bath. The total homogenate was then divided and exact portions pipetted into 50-ml Erlenmeyer flasks. Each portion of homogenate represented approximately 0.5 g of fresh plant tissue. Solutions containingt the postulated precursors were then added to the Erlenmeyer flasks. Tyramine was added as the hydrochloride equivalent to 2 mg of tyramine base (14.6 x 10 M). One mg of methionine or methionine sulfoxide was added to the homogenates (6.7 x 10" or 5.5 x 106 MI respectively). A sufficient quantity of a broad spectrum antibiotic, usually tetracycline (Achromycin), to give a final concentration of 1 : 50,000 was also added to the homogenate samples when the incubation period was 24 hours or longer. The final volume of all homogenate samples was adjusted to 5.5 ml. V'arious media were used to prepare the homogenates and the solutions of the precursors. These included distilled water, M7\I/15 Sorensen's buffer (pH 5.5, 6.5, or 7.5) (9) and Hoagland and Arnon's nutrient solution no. 1 (7) .
No initial control was required since hordenine was not present in the root homogenates when the precursvors were added. The control employed for the trials of the root homogenates was a sample in which the enzymes had been inactivated by heat. A sample of homogenate to which tyramine and either methionine or methionine sulfoxide had been added was autoclaved at a temperature of 1210 C for 15 minutes. The 50-ml Erlenmever flasks containing the homogenates were stoppered with cotton and placed either on a reciprocal shaker at room temperature or in the dark in a constant-temperature cabinet at 260 C for an incubation period of 8, 12, 24, or 48 hours.
MIore than 40 different combinations of the above variables were investigated.
At the conclusion of the incubation period, the samples were transferred quantitatively to glass centrifuge tubes. The supernatants obtained by centrifugation were decanted into small evaporating dishes. The residues were washed twice with 1-to 2-ml portioins of distilled water and the washings were PLANT PHYSIOLOGY combined with the initial supernatants. The combined liquids were evaporated to dryness in a stream of warm air, and each residue was taken up in 1.0 ml of alcohol. Thirty-50 pd quantities of the alcohol extracts were spotted on strips of Whatman no. 1 filter paper buffere(d at pH 8. The chromatographic strips were formedl ascendingly with a n-butanol water system in a Chromatocab as described previously. After the formation of the strips, they were subjected to Pauly's reaction and the results evaluated.
In spite of the ca-re exercised and the antibiotics added, a few of the experimental homogenates were found to be contaminated with microorganisms at the end of the incub.ation period. Although the contaminated samples were routinely processed, the results obtainedc were not considered for further evaluation. The homogeniates contaminated with bacteria exhibited a putrefactiv-e odor and showed a decrease of tyramine and hordenine content if either was initially present. Fungal contamination was not generally a problem.
No hordenine could be detected in any of the root homogenate samples regardless of the identity of the added precursors, the nature of the suspending medium, or the length of the incubation period.
PROSO SHOOT HOMOGENATE CONTROLS: The presence of hordenine in homogenate samples of proso shoots required the utilization of three types of controls to evaluate effectively the influence of added precursors on the alkaloid content. The 1st type of control (initial control) was a homogenate which was prepared and processed immediately to indicate the amount of hordenine in the sample prior to the addition of the precursors. In the 2nd type of control the homogenate was autoclaved at 121°C for 15 minutes prior to incubation with appropriate addenda. All enzymes were thus inactivated. Hordenine was not decomposed by this treatment. A 3rd type of control consisted of a homogenate which was carried through the incubation period with viable enzyme systems but no added precursors. This measured the influence of the enzymes on the original hordenine content.
To test the validity and the relationship of the results obtained with each of these three types of controls, shoot homogenates were prepared and subjected to different combinations of the respective treatments (table I). The homogenates were prepared and processed in the same manner as the root homogenates, except Hoagland and Arnon's nutrient solution was used as the diluent for all of the homogenates, and all samples were placed in the constant-temperature cabinet for the selected incubation period. Approximately 1 g of fresh tissue was employed for each homogenate. Extracts of the shoot homogenates were prepared and chromatographed in the same manner as the root homogenates. The chromatograms were evaluated quantitatively by the procedure of Demaree and Tyler (5) . This is a method developed especially for the A sufficient number of chromatograms were emnployed to allow adequate statistical evaluation. All of the values are reported as the color density per 30-,ul volume of an alcoholic extract. Occasionallv it was necessary to spot 20-p.l volumes of the more concentrated extracts so that the observed densities would fall within the sensitive range of the densitometer. In such cases the color densities of 30-dl volumes were calculated from the established relationship between the amount of hordenine and the color density (5). The mean and standard error of the mean were calculated for each group of density readings according to the formulas x = , (x)/N and s., = s/VN respectively (1, 15 BIOSYNTHETIC ROLE OF PROSO SHOOT: To determine the influence of certain precursors on the amount of hordenine in a shoot homogenate, tyramine and methionine or methionine sulfoxide were added to the sample which was allowed to incubate in the constanttemperature cabinet for the specified period of time (table II) . A similar homogenate sample was also processed in one of the ways described previously to serve as a control. The influence of the added precursors was established by comparing the amount of hordenine in the control with that in the sample containing the precursors. The samples were processed and evaluated in the manner described for the shoot homogenate controls.
The results indicated that tyramine, in the presence of methionine or methionine sulfoxide, was converted to hordenine by the enzymes in proso shoot homogenates.
RESULTS AND DISCUSSION
Neither hordenine nor tyramine could be detected in the root extracts of the intact proso seedlings. Hordenine was present in the shoots of 10-day-old plants, but tyramine was not detected. A minute quantity of hordenine was detected chromatographically in the shoots of 15-day-old plants, but it could not be found in the shoots of 20-day-old plants.
Therefore, hordenine was shown to disappear from the shoots of proso seedlings between 15 and 20 days after germination.
In this respect, the pattern of hordenine accumulation and disappearance in the proso shoot is similar to that of hordenine in the barley root. It is of considerable interest to note the related metabolic patterns of the same alkaloid in different morphological parts of the two plants.
No hordenine was detected in any of the root homogenates which had been subjected to the exlperimental conditions. Chromatograms spotted with an extract of root homogenates which had been incubated 8 Under the conditions employed in this investigation it was not possible to obtain any evidence to support the hypothesis that hordenine is formed in the roots of proso seedlings and immediately transported to the shoots. Furthermore, the evidence obtained by the application of the tissue homogenate technique showed that hordenine was formed in shoot homogenate samples from tyramine and a methyl donor. Evidence for the exact mechanism of the methylation reaction was not conclusive, but both methionine and methionine sulfoxide were capable of serving as methyl donors. The evidence that hordenine is synthesized from these added precursors in the shoot homogenate may not be applied to the intact plant without some reservation; however, it may be considered as presumptive evidence for such a biosynthetic pathway in the shoot of the intact seedlings. The 
